Glutamine synthetase was localized in nodules, roots, stems, and leaves of red kidney bean (Phaseolus vulgaris L.) by immunocytochemistry. Affinity purified antibodies reactive with glutamine synthetase were prepared using purified nodule-enhanced glutamine synthetase. Immunogold labeling was observed in the cell cytoplasm in each plant organ. In nodules, the labeling was more intense in the infected cells than in the uninfected cells. No labeling was observed in nodule bacteroids, peribacteroid spaces, or in peribacteroid membranes, while previous reports of glutamine synthetase immunolabeling of legume nodules showed labeling in the bacteroid fraction. Significant labeling was observed in nodule proplastids which contained starch granules. Substantial labeling was also observed in leaf chloroplasts. No labeling was observed in other organelles including mitochondria, peroxisomes, and endoplasmic reticulum. Preimmune IgGs did not bind to any structure in the tissues examined.
GS2 (EC 6.3.1.2) catalyzes the first step in the assimilation of ammonia in higher plants (14) . Using differential centrifugation, Suzuki et al. (17) showed that glutamine synthetase was a soluble enzyme in root cells of Phaseolus vuilgaris.
Cullimore et al. (6) purified two forms of GS in P. vulgaris root nodules. One form (GS.2) was similar to that found in roots (GSr), while the other isoform (GS,,) was a noduleenhanced form (1, 6, 8) .
Subunit structure of GS,, and GSn2 was studied extensively by Cai and Wong (4) . Both forms of GS are octamers. GS,I
is composed of two subunit polypeptides, 3 and -y, which differ in charge but not size. GSn2 is an octamer of a single A polypeptide. GS,, is a composite of eight isozymes which differ in their ratio of A and y subunits.
In leaves, GS is found in both the cytoplasm and the chloroplast (12) . Results of mutant analyses suggest that the role of GS in leaves is the reassimilation of ammonia derived from photorespiration (2, 20) . In bean plants, leaf cytosolic GS is composed mostly of a and /3 subunits. The chloroplast 'Financial GS is composed of four subunits, which are dissimilar to a and / (10). More recently, Lightfoot et al. (1 1), using a fulllength cDNA clone, have revealed that the chloroplast-located GS of bean is encoded by a single nuclear gene. Their nucleotide sequence indicated that this cDNA is more similar to a cDNA encoding chloroplast GS of the pea than to cDNAs encoding a, A, and -y GS subunits of the bean. They also showed that poly(A+) RNA specifically related to the chloroplast GS gene is most abundant in bean leaves, but a trace amount is also detectable in the roots and nodules. The polypeptide encoded by this gene is called delta, and a small amount of it is found in the plastids of root nodules (1, 5) .
There are three previous reports of immunolabeling GS in legume nodules. In soybean, Verma et al. (19) published one electron micrograph of immunolabeling of GS in the infected cell. Significant labeling was observed in the plant cell cytoplasm, but cross-reactivity with bacteroids was also shown. No controls or experimental details were shown or mentioned. Brangeon et al. (3) did an exhaustive study of GS localization in soybean leaves, roots, and nodules using antibody raised against cytosolic and chloroplast GS. Dense labeling of the cytosol and plastids in both infected and uninfected cells was observed. Also in the infected cells, Brangeon et al. (3) observed dense labeling of the bacteroid envelope and bacteriods. They found that their anti-GS prepared against plant cytosolic GS from nodules cross-reacted with a 36 kD protein in free-living and bacteroid extracts of Bradvrhizobium.
Lara et al. (9) reported that anti-GS cross-reacted with the peribacteroid space as well as the plant cell cytoplasm in P. vulgaris nodules. The authors did not mention any precautions taken to limit nonspecific binding of the antibodies. In the present paper, antibodies raised against cytosolic GS from Phaseolus are used to examine the localization of GS in nodules, roots, stems, and leaves of Phaseolus. These antibodies do not cross-react with Rhizobium extracts. 
MATERIALS AND METHODS

RESULTS
Specific labeling is that which is observed by incubation only with anti-GS. Nonspecific labeling is observed when both anti-GS and preimmune serum bind to a specific cell structure. The pattern of labeling in each section was statistically identical for each treatment examined (Table I) GS to the symbiosomes. Amyloplasts in nodules showed substantial labeling, particularly surrounding starch grains (Fig. 2) .
No labeling was observed in mitochondria, endoplasmic reticulum, peroxisomes, tonoplast, plasma membrane, or cell wall. Western blots have shown that the affinity purified anti-GS., used in these studies does not cross-react with bacteroid protein (data not shown). This agrees with our observation that anti-GS,, did not cross-react with any portion of the symbiosome in our localization studies (Fig. 1) . A small amount of labeling was observed with preimmune serum but this labeling was not confined to any cell structure ( Fig. 3 ; Table I ). Similarly, preimmune labeling was low with nodule proplastids (Fig. 4 ; Table I ). This random labeling observed with preimmune serum explains the small amount of scattered, random labeling with immune serum.
Roots
GS was also localized in uninfected root tip cells. Labeling was observed only in the ground cytoplasm ( Fig. 5 ; Table I ). No significant labeling was observed in mitochondria, perR5~~~~~~~ã~p X Figure 5 . Immunogold labeling of GS in uninfected, 1 -week-old root tip cells. Note that labeling is observed only in the ground cytoplasm. Root proplastids were rudimentary and showed no significant labeling. M, Mitochondrion; PI, plastid; x15,000; bar = 0.1 gAm. Figure 6 . Preimmune labeling of uninfected, 1-week-old root tip cells. Note that only one gold particle is present in this micrograph. M, Mitochondrion; Pi, plastid; x15,000; bar = 0.1 gAm.
oxisomes, ER, or golgi. Root proplastids were rudimentary and showed no label. A very small amount of random labeling was observed with the preimmune serum on root tip sections ( Fig. 6 ; Table I ).
Stems
Cells from stems were also examined for GS localization. These cells were green and, as a result, the micrographs depict mature chloroplasts. GS was found only in the ground cytoplasm and chloroplasts (Fig. 7) . Labeling was more intense in the ground cytoplasm than in chloroplasts (Table I) . Stem cells incubated with preimmune serum showed no labeling ( Fig. 8 ; Table I ).
Primary Leaves
In leaves, more labeling per unit area was observed in chloroplastic stromal matrix than in the ground cytoplasm ( Fig. 9 ; Table I ( Fig. 9) . No labeling was observed in leaf section incubated with preimmune serum ( Fig. 10 ; Table I ).
DISCUSSION
Using affinity-purified anti-GS, we have shown no crossreactivity between antibodies raised against GSnj and any fraction of the symbiosome. This is contrary to previous reports with G. max and P. vulgaris nodules which proposed that plant GS was associated with the peribacteroid space (9) or the bacteroid envelope (3). In our view, these previous observations are artifacts of the labeling procedure. Plant GS protein is not associated with the symbiosome. However, there is significantly more GS in the infected cells than in the uninfected cells. We would expect far more ammonia assimilation in the infected cells because the symbiosomes in these cells are the site of ammonia synthesis. More GS labeling in the infected cells also supports the view that the early steps in ureide synthesis occur primarily in the infected cells (16) . Glutamine is an important precursor for ureide synthesis as it is the amine donor for two amidotransferase reactions in purine synthesis.
GSni is a composite of eight isozymes comprised of and ,y subunits (4, 15) . Only the ,8-subunit is present in GSn2. Chloroplast GS is comprised of the delta subunit and other unidentified subunits. Lightfoot et al. (1 1) found that the a and d subunits shared 78 and 79% amino acid sequence identity with the delta subunit, respectively. Thus, it is not surprising that the antibodies prepared for this study, crossreact with all native GS isozymes ii the plant organs examined. GS was found in the ground cytoplasm and plastid of nodules, stems, and leaves of P. vulgaris. The root tip cells lacked mature plastids and, as a result, no labeling was observed in the immature plastids in those cells. As can be expected, the nodules showed the highest amount of GS per unit area among all the organs studied (Table I) .
Significant amounts of GS were observed in the leaf tissue. This is expected since GS is required for (a) the reassimilation of ammonia resulting from the breakdown of ureides in that organ, and (b) the assimilation of ammonia generated by photorespiration. More GS labeling in leaf chloroplastic stromal matrix was observed than in the ground cytoplasm. This supports the observation that most of the GS activity and protein is present in the chloroplasts (13) . Because the localization of ureide-degrading enzymes is unknown, it is not clear whether reassimilation of ammonia in leaves would occur in the ground cytoplasm or in chloroplasts.
